Purpose African American women are more likely to undergo hysterectomy, with or without bilateral oophorectomy, at younger ages than white women. It is well established that women who have a bilateral oophorectomy at younger ages are at reduced risk of breast cancer, and there is some evidence of an increased risk of colorectal and lung cancer. Methods Using data from 44,514 women in the Black Women's Health Study, we prospectively investigated the relation of hysterectomy and oophorectomy to incidence of breast, colorectal, and lung cancer and to mortality from cancer. Hazard ratios (HRs) and 95 % confidence intervals (CIs) were estimated using Cox proportional hazards regression with control for confounding factors. Results During 16 years of follow-up, hysterectomy alone, relative to no hysterectomy, was not associated with risk of breast, lung, or colorectal cancer. Bilateral oophorectomy, relative to hysterectomy with ovarian conservation, was inversely associated with risk of estrogen receptor-positive (ER?) breast cancer (HR 0.62; 95 % CI 0.45-0.85) but not with ER-negative breast cancer; age at surgery and menopausal hormone use did not modify the associations. HRs for the association of bilateral oophorectomy with incidence of colorectal and lung cancer were nonsignificantly increased for women who had surgery before age 40 years and had used menopausal hormones for less than 2 years (HR 1.65; for colorectal cancer and HR 1.71; 95 % CI 0.68-4.31 for lung cancer). Bilateral oophorectomy was not associated with cancer mortality. Conclusions Bilateral oophorectomy was associated with reduced risk of ER? breast cancer regardless of age at surgery and use of menopausal hormones. There were nonsignificant increases in risk of colorectal and lung cancer for women with oophorectomy at younger ages and short duration of menopausal hormone use.
Introduction
Approximately 600,000 women undergo a hysterectomy in the United States each year, with about half having a concurrent bilateral oophorectomy [1] . Elective bilateral oophorectomy at the time of hysterectomy for benign disease is typically recommended to reduce the risk of ovarian cancer. However, the long-term risks and benefits with respect to other health outcomes are less clear. A few previous studies have found bilateral oophorectomy to be associated with increased mortality rates [2] [3] [4] , but other studies have not supported this finding [5, 6] . Bilateral oophorectomy has been associated with reduced breast cancer risk overall [4, [7] [8] [9] [10] [11] [12] , but whether the association differs by breast cancer subtype is not established [13, 14] . A few studies suggest that bilateral oophorectomy may be associated with increases in risk of colorectal cancer [4, 15] and lung cancer [4, [16] [17] [18] ; although the mechanism is unclear, estrogens are thought to be protective, as evidenced by some epidemiologic studies that have found inverse associations between menopausal hormone use and risk of colorectal cancer [19, 20] and lung cancer [21, 22] .
The prevalence of hysterectomy for benign disease is higher in African American women relative to white women [23, 24] , and the average age at surgery is lower for African American women [25] . There is substantial between-hospital variation in oophorectomy rates that is not explained by patient or physician characteristics [26] . African American women are also less likely to use menopausal hormones following a bilateral oophorectomy [27] . The disparities in clinical practice highlight the need for evidence to clarify the risk-to-benefit ratio of elective oophorectomy for women not at increased risk of ovarian cancer.
The objective of the present study was to investigate the relation of hysterectomy and oophorectomy to the incidence of common cancers (breast, colorectal, and lung) and to total cancer mortality among African American women. We assessed breast cancer according to estrogen receptor (ER) status. In addition, we sought to examine whether associations were influenced by age at surgery and use of menopausal hormones. This investigation is the first to prospectively assess these associations among African American women.
Methods

Study population
The Black Women's Health Study, an ongoing follow-up study of African American women, was established in 1995 when 59,000 African American women aged 21-69 years completed a self-administered baseline questionnaire that collected information on demographic characteristics, lifestyle factors, and medical history [28] . Biennial follow-up questionnaires ascertain updated information on risk factors and newly diagnosed medical conditions. Follow-up of the baseline cohort through 2011 was 80 %. The study was approved by the Institutional Review Board of Boston University Medical Center.
The present analysis was restricted to women aged at least 40 years at baseline or who reached age 40 during follow-up; 3,385 women were excluded because they had a history of cancer prior to baseline, had a family history of ovarian cancer, had a unilateral oophorectomy or oophorectomy without hysterectomy, had reproductive surgery after natural menopause, or had missing data on type of surgical menopause, leaving 44,514 women for the analysis.
Exposure assessment
Questions on menopausal status were included on the baseline and all follow-up questionnaires. Women were asked if they had stopped menstruating at least 12 months earlier; if yes, they were asked for the reason their periods had stopped (natural, surgical, due to medication or chemotherapy, or unknown), and the age at which they had stopped. Women who reported surgical menopause were also asked whether they had both ovaries removed, only one ovary removed, or only the uterus removed.
We assessed the reliability of self-report of surgical menopause on the 1997 questionnaire using data from 1,148 participants who completed and returned two questionnaires during that follow-up cycle; the kappa coefficient was 0.91 for self-reported hysterectomy and bilateral oophorectomy, indicating very high reproducibility in the reporting of these surgeries.
The baseline questionnaire collected information on height, weight, educational attainment, and family history of breast cancer. The 1999 questionnaire ascertained family history of ovarian cancer. Baseline and biennial follow-up questionnaires ascertained information on parity, oral contraceptive use, menopausal hormone use, physical activity, smoking history, and alcohol intake. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Smoking status, number of cigarettes smoked, and duration of smoking were used to calculate total pack-years of smoking.
End points
Incident diagnoses of invasive breast cancer, colorectal cancer, and lung cancer were ascertained by self-report on biennial follow-up questionnaires from 1995 to 2011. Cases were confirmed by medical record or by linkage with cancer registries from 24 states in which 96 % of participants resided at baseline. Deaths through December 31, 2011, were identified through linkage with the National Death Index for all participants who had not completed the 2011 questionnaire. The International Classification of Diseases, Tenth Revision (ICD-10) was used to classify underlying cause of death; death from cancer was based on ICD-10 codes C00-C97.
Statistical analysis
Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95 % confidence intervals (CIs) for risk of incident cancer and cancer mortality. Women contributed person-time from baseline in 1995 until diagnosis of the cancer of interest (for incident cancer analyses), death, or the end of follow-up on December 31, 2011, whichever occurred first. Women under age 40 years in 1995 entered the analysis in the questionnaire cycle in which they reached 40 years. History of reproductive surgery was updated every 2 years as a time-dependent variable. In analyses restricted to women with a hysterectomy, women contributed person-time from cohort entry or the questionnaire cycle in which they first reported a hysterectomy with retention of both ovaries or hysterectomy with removal of both ovaries. Participants were censored during follow-up if they reported a unilateral oophorectomy or reproductive surgery after natural menopause or age 60 years.
Multivariable models, stratified by age in years and 2-year questionnaire cycle, were adjusted for BMI in 1995 (\25, 25-29, C30 kg/m 2 ), menopausal hormone use (never, \2, 2-4, C5 years), smoking history (never, former \20 pack-years, former C20 pack-years, current \20 packyears, current C20 pack-years), educational attainment (B12, 13-15, C16 years), geographic region (northeast, south, midwest, west), and family history of breast cancer. Parity, oral contraceptive use, vigorous physical activity, and alcohol intake were assessed as potential confounders but inclusion of these covariates in multivariable models did not appreciably affect the results. Covariates that changed over time were updated as time-varying variables in the analysis. We conducted subgroup analyses according to age at hysterectomy (\40, C40 years) and among women with \2 years of menopausal hormone use. All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC).
Results
At baseline, 10.3 % of participants reported a history of hysterectomy with retention of both ovaries and 10.2 % reported a hysterectomy with bilateral oophorectomy (Table 1 ). The mean age at surgery was 37.8 years for hysterectomy alone and 39.5 years for bilateral oophorectomy. Compared with women with no hysterectomy, women with hysterectomy, with or without bilateral oophorectomy, were older, less educated, and more likely to live in the south, to be obese and to have used menopausal hormones for at least 2 years.
Hysterectomy alone relative to no hysterectomy was not associated with incidence of breast cancer, colorectal cancer, or lung cancer (Table 2) . However, compared with no hysterectomy, bilateral oophorectomy was associated with a significant reduction in risk of breast cancer. The inverse association was evident only for ER? breast cancer (HR = 0.65; 95 % CI 0.50-0.86). Bilateral oophorectomy was associated with increased colorectal cancer risk (HR = 1.42; 95 % CI 1.02-2.00); adjustment for menopausal hormone use had the greatest effect on the estimates. Bilateral oophorectomy was not materially associated with lung cancer risk. Table 3 presents results restricted to women with a hysterectomy, alone or with removal of both ovaries, according to age at surgery and use of menopausal hormones. Relative to hysterectomy with ovarian conservation, bilateral oophorectomy was associated with lower risk of ER? breast cancer (HR = 0.62; 95 % CI 0.45-0.85), with similar associations for surgery that occurred before and after age 40 years. Estimates were not appreciably different when analyses were restricted to women with little or no menopausal hormone use. Bilateral oophorectomy was not significantly associated with risks of colorectal cancer and lung cancer, but the HRs were greatest among women with surgery before age 40 and \2 years of menopausal hormone use (HR = 1.65; 95 % CI 0.73-3.73 for colorectal cancer and HR = 1.71; 95 % CI 0.68-4.31 for lung cancer).
There was no association for bilateral oophorectomy, relative to hysterectomy with ovarian conservation, with total cancer mortality overall based on 301 deaths (HR = 0.96; 95 % CI 0.75-1.23) or among women with surgery \40 years who had used menopausal hormones for \2 years based on 70 deaths (HR = 0.97; 95 % CI 0.57-1.64). We had limited power to examine death from specific cancers separately, and no significant associations were observed for mortality from breast, colorectal, or lung cancer (data not shown).
Discussion
In this prospective study of African American women, bilateral oophorectomy, relative to no surgery or to hysterectomy alone, was associated with a decreased risk of ER? breast cancer but was not associated with ERcancer. Our findings are consistent with previous studies that have found bilateral oophorectomy relative to no reproductive surgery to be associated with reduced breast cancer risk overall [7] [8] [9] [10] [11] [12] . Only two studies have specifically examined bilateral oophorectomy compared with ovarian conservation at the time of hysterectomy in relation to breast cancer risk [4, 5] . Similar to our findings, bilateral oophorectomy was significantly associated with reduced breast cancer risk in the Nurses' Health Study [4] . In contrast, no association was observed in the Women's Health Initiative, a study in which all participants were 50 years or older at the start of follow-up [5] .
Two studies have examined bilateral oophorectomy and breast cancer risk according to breast cancer subtype [13, 14] : in one study, bilateral oophorectomy relative to no reproductive surgery was associated with a strong reduction in ER?, but not ER-breast cancer risk among both white and black women [13] , and in the other, a study that included mostly white women, bilateral oophorectomy relative to natural menopause was inversely associated only with luminal breast cancer [14] .
In the present study, hysterectomy with ovarian conservation was not associated with breast cancer risk overall or by ER status. Previous studies of hysterectomy alone in relation to breast cancer risk have been inconsistent [9] [10] [11] [12] [13] ; of the few that assessed risk by breast cancer subtype, one found hysterectomy alone to be inversely associated only with ER? breast cancer [13] , and another reported no association overall or by ER status [29] .
For colorectal and lung cancer, we observed nonsignificant increases in risk associated with bilateral oophorectomy that appeared stronger among women with younger ages at surgery and short duration of menopausal hormone use. Some previous studies support a positive association of bilateral oophorectomy with risk of colorectal cancer [4, 15] and lung cancer [4, [16] [17] [18] . In a comparison of bilateral oophorectomy to hysterectomy with ovarian conservation in the Nurses' Health Study, there was a significant increase in lung cancer risk that was greatest among women who had never used menopausal hormones and a marginally significant increase in colorectal cancer risk [4] ; in an updated analysis of mortality with additional followup, bilateral oophorectomy was significantly associated with increased risk of death from colorectal cancer and lung cancer [30] . In contrast, the Women's Health Initiative, an older cohort at study enrollment, found no significant associations for bilateral oophorectomy relative to ovarian conservation with risk of colorectal or lung cancer, though statistical power was limited among women with no menopausal hormone use, as in the present study [5] . Findings between studies may differ if bilateral oophorectomy has a greater effect on cancer risk closer to the age at surgery. A protective effect of endogenous estrogens on colorectal and lung cancer risk is supported by studies showing that earlier age at natural menopause is associated with increased risk of colorectal cancer [31] and lung cancer [17, 18, 32, 33] . If exogenous estrogens are protective, as suggested by studies that have observed inverse associations between menopausal hormone use and risk of colorectal cancer [19, 20] and lung cancer [21, 22] , this might explain why an association of bilateral oophorectomy with colorectal and lung cancer risk was more apparent in women who had little or no menopausal hormone use. The present study has several strengths. The prospective design obviated reporting bias on reproductive surgery. Information on surgical menopause and important covariates was obtained at baseline and updated every 2 years by followup questionnaire. We controlled for numerous lifestyle factors, although residual confounding cannot be discounted. We excluded women with a family history of ovarian cancer, unilateral oophorectomy, or oophorectomy without hysterectomy in order to reduce confounding by indication for surgery. Few studies that have examined the effect of oophorectomy on various health outcomes have specifically compared bilateral oophorectomy at the time of hysterectomy with ovarian conservation, which is an important clinical decision for women undergoing hysterectomy for benign disease. The mean age at reproductive surgery in the Black Women's Health Study was lower than in other studies, which allowed us to assess the effects of early surgical menopause.
A limitation was lack of validation of self-report of reproductive surgery. It has been shown that history of hysterectomy is reported with great accuracy, whereas reporting of oophorectomy history is less accurate [34] . Although we did not have validation data, we found that there was high reliability in the reporting of bilateral oophorectomy and hysterectomy alone. The misclassification of women with a prior oophorectomy as having had a hysterectomy alone would tend to attenuate the associations. Another limitation was that the number of cancer deaths was relatively small. It will be informative to reevaluate associations with mortality after longer followup. In the Nurses' Health Study, with an older cohort and longer follow-up, bilateral oophorectomy was associated with increased rates of total cancer mortality, and the magnitude of association was highest for oophorectomy before age 50 years in women who never used menopausal hormones [4, 30] .
In summary, bilateral oophorectomy was associated with decreased risk of ER? breast cancer, regardless of age at surgery and use of menopausal hormones, in this cohort of African American women. There were suggestive increases in risk of colorectal and lung cancer among women who underwent oophorectomy before age 40 years and used menopausal hormones for less than 2 years. Further evidence is needed to weigh the risks and benefits of elective oophorectomy for women not at high risk of ovarian cancer.
